The validity of fruit and vegetable intake estimated by 14 d weighed records, a twenty-seven-item food frequency questionnaire (FFQ) and a 180-item FFQ was investigated using serum carotenoids as the validity criterion. In addition, the method of triads was used to assess the validity of fruit and vegetable intake estimated from the FFQ and serum carotenoids. One hundred Norwegian men completed 14 d weighed records and the 180-item FFQ. Eighty-six of them also completed the twenty-seven item FFQ. The partial correlation coefficients between serum carotenoids and fruit and vegetable intake were slightly higher for the 14 d weighed records than for the two FFQ, but no difference was observed between the 180-and the twenty-seven item FFQ. The strongest correlations were observed between vegetable intake and serum a-carotene. The highest validity coefficients (VC) were observed for vegetable intake estimated from weighed records, the 180-item FFQ, the twenty-seven item FFQ and by the biomarker serum a-carotene, with VC of 0·77, 0·58, 0·51 and 0·67, respectively. In conclusion, the short FFQ gave as valid estimates for fruit and vegetable intake as the long FFQ. Both the estimated partial correlation coefficients and VC suggest that serum a-carotene is the best biomarker for intake of vegetable alone and total intake of fruit and vegetables in this population of Norwegian men, but the biomarkers did not perform any better than the FFQ. 
Accurate measurements of an individual's intake of fruit and vegetables are needed for epidemiological studies and to evaluate the fruit and vegetable intervention programmes implemented in many countries. Traditionally, intake of fruit and vegetable has been estimated by use of food frequency questionnaires (FFQ), dietary records and dietary recalls. Due to the errors associated with traditional dietary assessment methods, use of biomarkers, both in validation studies and as measures of intake, has been a recent and important addition to the field. Data from controlled feeding studies in human subjects suggest that plasma carotenoids may be potential biomarkers for intake of fruit and vegetables (Jensen et al. 1985; Kim & Simphson, 1988; Brown et al. 1989; Micozzi et al. 1992; Bowen et al. 1993; Martini et al. 1995; Yeum et al. 1996; Broekmanns et al. 2000) . However, plasma concentrations of carotenoids are correlated with factors other than the intake, such as age, BMI, physical activity, plasma concentration of triacylglycerols and cholesterol (Olmedilla et al. 1994; Forman et al. 1995; Brady et al. 1996; Kitamura et al. 1997; Rock et al. 1997) and may not necessarily be better than traditional dietary assessment methods to evaluate intake of fruit and vegetables.
Both traditional dietary assessment methods and biomarkers need to be validated. Kaaks (1997) has recommended the method of triads for validity studies where data from a questionnaire, a reference method and a biomarker are available. By this method, a validity coefficient (VC) expressing the correlation between observed intake and an individual's unknown true intake can be estimated for each of the three methods. The three observed pair-wise correlations between the FFQ, the reference method and the biomarker form the basis for calculation of the VC. The method of triads has been used by other authors for validation of nutrient intake estimated from FFQ and for validation of biomarkers for intake of different nutrients (Kaaks, 1997; Ocke & Kaaks, 1997; Kabagambe et al. 2000; Fowke et al. 2002; Pufulete et al. 2002) . To our knowledge only one study has been published using the method of triads to validate intake of foods and biomarkers for food intake (Fowke et al. 2002) .
In the present study of healthy Norwegian men, we examined the association between serum carotenoid concentration and three methods for assessment of fruit and vegetable intake; a twentyseven-item FFQ, a 180-item FFQ and 14 d weighed records. The method of triads was applied to validate fruit and vegetable intake estimated from the twenty-seven-item FFQ and the 180-item FFQ, and serum concentration of carotenoids as a biomarker for intake of fruit and vegetables.
Materials and methods
Healthy men working at Ørland air force station, a military station located on the coast in mid-Norway, were invited to participate in the study. Men using cholesterol-lowering drugs were not included. The study was conducted in autumn 1995 and winter 1996 (Andersen et al. 1999) .
A 180-item FFQ was mailed to 137 men at the beginning of the study. About 1 week later they returned the FFQ, a blood sample was collected and they were instructed on how to keep weighed food records for 14 d. Within 2 weeks after filling in the FFQ, participants started to record their food intake. A total of 125 participants completed both the records and the 180-item FFQ. The twenty-seven item FFQ was filled in 1·5-2 months after the 180-item FFQ and the weighed records. The twenty-seven item FFQ was completed by 109 of the 125 participants. Serum carotenoid concentration was analysed from 112 participants. Dietary intake data from the weighed records and the 180-item FFQ and serum concentration of carotenoids are available for 100 individuals. Moreover, we have dietary data from the twenty-seven item FFQ, weighed records and serum carotenoid data for eighty-six participants.
The regional ethical committee approved the study protocol, and all participants gave written informed consent.
The 180-item food frequency questionnaire
The eleven-page optical mark readable questionnaire was designed to capture the habitual food intake among adults during the last year. The FFQ included questions about 180 food items grouped together according to the Norwegian meal pattern. The questionnaire included eight questions about vegetable intake (vegetables used as bread spread, carrot, cabbage, sauerkraut, swede, 'cauliflower, broccoli, Brussels sprouts', 'peas, frozen vegetables', green salads) and eight questions about fruit intake (fruit used as bread spread, orange juice, 'other juices', apple, citrus, 'other fruits', berries, canned fruits). Frequency alternatives vary from once per month to several times per d, and the portion sizes are given as household units, e.g. glasses, pieces, decilitre. Portion sizes in household measures were converted into grams using Norwegian standard portion sizes (Blaker & Aarsland, 1989) . The amount of fruit and vegetables consumed was calculated as frequency (in times per d) times portion size (in grams). The selection of vegetable and fruit items included in the questionnaire was based on data from earlier dietary surveys among Norwegian adults (Solvoll et al. 1985; Blaker et al. 1988) . The questionnaire also includes questions about frequency of use and portion size of seven types of dietary supplements (cod liver oil, cod liver oil and fish oil capsules, multivitamin/mineral mixtures, vitamin C, vitamin E and Fe). A detailed description of the questionnaire is found elsewhere (Nes et al. 1992) .
The 27-item food frequency questionnaire
The twenty-seven item FFQ included seven questions about intake of orange juice, carrot, cabbage/broccoli, other vegetables, apple/pears, citrus fruit, and other fruits. For orange juice, we asked for the number of glasses per week, whereas the unit was times per week for the other vegetables and fruits. The frequency scale is never, , 1, 1-2, 3-4, 5-6, 7-8, 9-10, $ 11. The participants were asked to consider their usual dietary habits during the last year when filling in the questionnaire. The questionnaire also included questions about frequency of use of two types of dietary supplements (cod liver oil and multivitamin/mineral mixtures).
More details about the 27-item questionnaire have been published elsewhere (Andersen et al. 2002) .
Weighed diet records
The 14 d weighed diet records were split into five periods (3 þ 3 þ 3 þ 3 þ 2 d units) by 1-week intervals. The total 14 d period consisted of 10 weekdays (two Mondays, two Tuesdays etc.) and 4 weekend days (Andersen et al. 1999) .
Participants were provided with blank diary forms and a digital balance with a precision of^1 g and a maximum capacity of 2500 g. They were given both oral and written instructions on how to weigh and describe in detail the consumption of foods and beverages, and how to fill in the diary forms. Furthermore, the subjects were asked to monitor their usual food intake and to avoid any temptation to change the diet in order to lose weight or simplify the recording. The use of household measures was accepted when it was impossible to use the balance.
The diary form from the first 3 d period was checked for completeness immediately after finishing this first period. All participants were contacted by phone before starting the second recording period and improper responses were clarified. Two nutritionists (L.F.A. and K.S.) coded the forms.
Food calculations
Daily intake of fruit (including fruit juice but not jam and fruit syrup) and vegetables was computed from the 14 d weighed records and the 180-item FFQ by using a food database and software system developed at the Department of Nutrition, University of Oslo. The food database is mainly based on the official food composition table (Statens ernaeringsråd & Statens naeringsmiddeltilsyn, 1995) , and is continuously supplemented with data on new food items and nutrients. It was not possible to calculate the carotenoid content of the diet, except for b-carotene, from the current food database.
Blood samples and analyses
Blood samples were collected in the morning after an overnight fast. The samples were centrifuged and stored at 2 188C for a maximum of 5 d before transferring to 2 708C.
Serum concentrations of a-carotene, b-carotene, lycopene, zeaxanthin and lutein were analysed by HPLC. Astaxanthin was used as internal standard and was prepared by dissolving 1 mg astaxanthin in 4 ml benzene (0·42 mM). We have analysed some plasma samples without adding internal standard and we found no peaks for astaxanthin. Thus, the amount of endogenous astaxanthin in plasma is at least less than 5 % of astaxanthin added as internal standard and should be of minor importance. A 200 ml aliquot of serum sample was transferred to a 2 ml amber glass vial and 900 ml precipitating solution (10 ml 2-propanol containing 10 mg/l butylated hydroxytoluene and 20 ml 0·42 mM-astaxanthin) were added. The mixture was vortexed for 5 min and centrifuged for 15 min at 3000 g and 48C. Supernatant (100 ml) was injected into the HPLC system (Hewlett Packard 1100 HPLC, Palo Alto, CA, USA). A Waters pump was used to deliver mobile phase to the analytical column (YMC Carotenoid S5mm, 4·6 £ 250 mm from Waters, Milford, MA, USA) and the detection was performed using a Waters tunable absorbance detector at 453 nm. The mobile phases used were A (100 % water), B (30 % acetone in absolute ethanol), C (100 % acetone). A gradient elution was used with initial conditions of 10 % A and 90 % B at flow rate of 2 ml/min. This was immediately followed by a linear increase to 100 % B in 5 min and was held for 5 min. After this, there was a linear increase to 100 % solvent C in 1·5 min and was held for 11 min. The system was then returned to initial conditions in 1 min and was equilibrated for 7 min before next injection. The temperature was ambient. All the samples were quantified against a three-point calibration curve generated daily.
The recovery was measured by preparing a standard solution containing 0·788 mM-lutein, 0·785 mM-zeaxanthin, 0·317 mM-a-carotene, 0·785 mM-b-carotene and 0·434 mM-lycopene in 1 % bovine serum albumin solution in PBS and quantified against a calibration curve. The recovery of the five carotenoids was as follows: lutein (103 %), zeaxanthin (106 %), a-carotene (100 %), b-carotene (108 %) and lycopene (118 %). The calibration solutions were used for estimation of the linearity of the method. The coefficient of correlation was better than 0·990 for all five carotenoids. The intra-assay reproducibility varied from 3·7 % for lutein to 6·5 % for lycopene (n 10) and the inter-assay reproducibility varied from 5·3 % for zeaxanthin to 9·6 % for lycopene (n 10). The limit of detection in standard solutions (prepared in the same way as sample) was 0·005 mM for a-carotene, 0·006 mM for b-carotene, 0·01 mM for lutein, 0·013 mM for zeaxanthin and 0·04 mM for lycopene. We have analysed the National Institute of Standards and Technology (NIST) standard (Standard reference material 968c, http://www. nist.gov) for carotenoids by using our method, and observed that the values of carotenoids in the NIST standard were within the standard deviation of the concentrations given by the supplier.
Pure standards of lutein, a-carotene, b-carotene, lycopene, astaxanthin and butylated hydroxytoluene were supplied by Sigma (St. Louis, MO, USA). Zeaxanthin was obtained from Carl Roth GmbH (Karlsruhe, Germany).
Total cholesterol in serum was measured enzymatically at the Institute of Aviation Medicin, Oslo, by the Cholesterin CHOD-PAP-Method (Boehringer, Mannheim, Germany). Triacylglycerol was enzymatically analysed using the Triclycerides Enzymatic PAP 150 method of BioMerieux (Lyon, France).
Other data collection
Height and weight were measured by research staff to the nearest 0·5 cm and 100 g. Underwear, trousers and stockings were allowed but no shoes.
Statistical analysis
Sample means, standard deviations and medians are presented for intake of fruit and vegetables and serum concentrations of carotenoids. In all further statistical analyses, dietary intake (fruit and vegetable) and serum carotenoids were log e transformed. Paired t test was used to compare fruit and vegetable intake estimated by the weighed record and the 180-item FFQ. Comparisons of carotenoid concentrations between users and non-users of dietary supplements were performed by t tests.
Pearson's correlation coefficients were calculated for the association between fruit and vegetable intake estimated from the questionnaires and the weighed record. Fisher's Z transformation formed the basis for estimation of confidence intervals for the correlation coefficients between questionnaires and weighed record assessments. Partial correlation coefficients adjusted for age, BMI, and serum concentrations of triacylglycerols and cholesterol were calculated for the association between fruit and vegetable intake of the three dietary assessment methods and serum concentration of carotenoids. Partial correlation coefficients adjusted for smoking in addition to the four variables mentioned earlier were also calculated. These partial correlation coefficients were similar to the partial correlation coefficients estimated without adjustment for smoking. The partial correlation coefficients without adjustment for smoking were included in the paper because data about smoking were not available for eleven subjects, and including smoking thereby reduced the sample size.
The method of triads was used to estimate VC between true intake and intake estimated from the weighed record, the 180-or twenty-seven item FFQ and the biomarkers (Kaaks, 1997; Ocke & Kaaks, 1997) (Fig. 1) . Let Q, R and M be the measurements of dietary intake from the FFQ (180-or twenty-seven item FFQ), the weighed record and the biomarker, respectively, and let T denote the true unknown long-term dietary intake. The VC can be estimated as:
respectively, where r is an estimated correlation coefficient. We estimated r QR by Pearson's correlation coefficient, and r QM and r RM as partial correlation coefficients as described earlier.
This technique assumes that random errors in the dietary assessment methods are uncorrelated and that positive linear correlations exist between estimates obtained by the dietary assessment methods and true intake (Kaaks, 1997; Daures et al. 2000) .
Confidence intervals were estimated by empirical percentiles (2·5th and 97·5th) for the replicates of estimated VC from 1000 bootstrap samples (Ocke & Kaaks, 1997; De Angels & Young, 1998) . A bootstrap sample can produce negative correlations between measurements, and then the VC cannot Fig. 1 . Illustration of the method of triads used to estimate the validity coefficients (VC QT , VC RT , VC MT ) between true dietary intake (T) and intake estimated by biomarker (M), food frequency questionnaire (Q; 27-or 180-item) and weighed records (R). r QR , r QM and r RM are correlation coefficients between the different methods (modified after Kabagambe et al. 2000) .
be estimated. In these situations, the default method is that VC are set to missing values and confidence intervals are estimated from less than 1000 bootstrap samples, leading to inaccurate confidence intervals (Ocke & Kaaks, 1997) . To elucidate this, we have also set missing VC to zero and then calculated empirical percentiles from the total 1000 bootstrap samples. Both confidence intervals are presented.
All the statistical analyses were performed with SPSS 11.0 (SPSS Inc., Chicago, IL, USA), except the bootstrapping where S-PLUS 6.1 was applied. All tests are two-sided and a 5 % level of significance was used.
Results
The study included 100 healthy men aged 20 -55 years with BMI from 20·5 to 34·1 kg/m 2 . Characteristics of the subjects and serum concentrations of carotenoids are presented in Table 1 . Only small differences were observed between subjects who used nutritional supplements (n 26) and subjects who did not use supplements (n 74) with regard to serum concentrations of the five carotenoids; for serum a-carotene supplement users had a serum concentration (mean (95 % CI)) of 0·108 (0·066, 0·159) mmol/l v. non-supplement users who had a concentration of 0·082 (0·068, 0·095) mmol/l. The corresponding figures for b-carotene were 0·487 (0·382, 0·592) mmol/l v. 0·436 (0·385, 0·487) mmol/l, for lutein 0·175 (0·143, 0·207) mmol/l v. 0·174 (0·161, 0·188) mmol/l, for zeaxanthin 0·037 (0·032, 0·043) mmol/l v. 0·040 (0·036, 0·043) mmol/l, and for lycopene 0·640 (0·556, 0·724) mmol/l v. 0·783 (0·687, 0·880) mmol/l.
Intake of fruit and vegetables assessed by the three dietary assessment methods are presented in Table 2 . Estimated intake of fruit from the 180-item FFQ was significantly higher than the intake of fruit from the weighed records (P¼0·04). There was no significant difference between the two methods with regard to vegetable intake (P¼0·29).
Pearson's correlation coefficients for fruit and vegetable intake assessed by the 180-item FFQ and the 14 d weighed record and assessed by the twenty-seven item FFQ and the records are given in Table 3 . The correlation coefficients ranged from 0·33 to 0·55, and were all significant (P,0·01). The highest correlations were observed between the twenty-seven item FFQ and the weighed record for fruit intake and for total fruit and vegetable intake. The correlations presented are unadjusted coefficients, but adjustments for age and BMI did not change the correlations substantially. The largest change with adjustment was found for the correlation between fruit intake estimated from the weighed record and the twenty-seven item FFQ, where the unadjusted correlation of 0·55 (Table 3) increased to 0·57 when adjusting for age and BMI. Table 4 includes partial correlation coefficients between intake of fruit and vegetables from the three different dietary methods and serum concentrations of carotenoids. In general, the correlation coefficients between intake and serum levels were higher for the 14 d weighed record than for the two questionnaires. For all three dietary assessment methods, the highest correlations were found between serum a-carotene and vegetable intake, and between serum a-carotene and total fruit and vegetable intake. In addition, significant correlation coefficients were observed between intake of vegetables from the weighed records and serum concentration of lutein and b-carotene. Fruit intake was not significantly correlated with any of the carotenoids for the three dietary assessment methods. The VC for the FFQ, the weighed records and serum concentration of a-carotene are presented in Table 5 . The observed VC are relatively high, ranging from 0·51 to 0·77 for the four measurements of vegetable intake, and from 0·43 to 0·91 for measurements of total fruit and vegetable intake. The VC observed for vegetable intake estimated from the weighed records were higher than the VC observed for the FFQ; the VC for weighed records, 180-item FFQ and twenty-seven item FFQ were 0·77, 0·58 and 0·51, respectively. The proportion of missing VC from the bootstrap samples equalled zero or was low.
The VC for the FFQ, the weighed records and serum concentration of b-carotene, lutein and zeaxanthin are presented in the Appendix. The partial correlation coefficients obtained between the dietary assessment methods and serum concentration of b-carotene, lutein and zeaxanthin were not significant in most cases. Thus, the observed VC for serum concentration of b-carotene, lutein and zeaxanthin are generally lower than for a-carotene, and the proportions of missing VC from the bootstrap samples were relatively large, i.e. giving less accurate confidence intervals. In general, these VC were higher both for the weighed records, the 180-item FFQ and the twenty-seven item FFQ than for the biomarkers.
VC for serum lycopene were not estimated because the partial correlation coefficients obtained between the dietary assessment methods and serum lycopene were very low. Furthermore, VC for fruit intake could not be estimated for the situations where the calculations include negative correlations between a-carotene and fruit intake assessed by the 180-item FFQ, and between bcarotene and fruit intake (Table 4) . Fruit intake has not been included in Tables 5, A1 and A2.
Discussion
In most validation studies data from one test method and one reference method are available, whereas in the present study we estimated fruit and vegetable intake from three dietary assessment methods and several biomarkers. This represents a major strength of the present study, and allows us to use the method of triad. T, unknown true dietary intake. * Validity coefficients and confidence limits .1 were set to 1·00. † Confidence interval when missing validity coefficients was set to zero. ‡ Proportion of VC that could not be estimated because one of the three correlations that form the basis for the VC is negative. In this case the VC are set to missing values.
To our knowledge this is the first study applying the method of triad to evaluate the validity of different assessment methods for intake of fruit and vegetables. The results indicate that a short FFQ gives as valid an estimate for fruit and vegetable intake as a long FFQ. Moreover, the VC suggest that serum a-carotene is the best carotenoid biomarker for vegetable intake alone and for total intake of fruit and vegetables.
Fruit and vegetable intake compared with serum carotenoid level
Application of multiple dietary assessment methods makes it possible to base the validity of dietary intake on the relative magnitude of associations between methods rather than absolute magnitude. Only two studies have been published where fruit and vegetable estimates from multiple methods of dietary assessment were compared with serum carotenoid levels (Kristal et al. 2000; Resnicow et al. 2000) . Assuming that higher correlations between dietary variables and serum levels can be interpreted as an indication of greater validity, it appears that the weighed records produced more valid estimates of fruit and vegetable than the 180-and twenty-seven item FFQ. These observations are not surprising because the weighed record is expected to give more accurate data than the FFQ. The 180-item FFQ did not seem to give more valid estimates than the twenty-seven item FFQ. Resnicow et al. (2000) observed that the validity of a thirty-six-item FFQ and a 3 d recall were generally stronger than the validity of two very short FFQ (seven-item and two-item).
In our study the strongest correlations were observed between serum concentration of a-carotene and vegetable intake, and between serum a-carotene and total vegetable and fruit intake. A possible explanation for this could be that the main source of a-carotene intake in Norway is carrots, and carrots are the most eaten vegetable in this study and in the Norwegian population in general. Both the weighed record and the 180-item FFQ showed that about 30 % of the total intake of vegetables was carrots. Moreover, controlled feeding studies have shown a proportional larger response in serum concentration of a-carotene according to intake, than other carotenoids (Micozzi et al. 1992; Yeum et al. 1996; Brevik et al. 2004) . The observed correlation coefficients for a-carotene are in the same range as previously reported (correlations from 0·20 to 0·50) (Campbell et al. 1994; Michaud et al. 1998; Tucker et al. 1999; Resnicow et al. 2000; van Kappel et al. 2001) . The correlations between serum b-carotene and vegetable intake, and b-carotene and total vegetable and fruit intake ranged from 0·07 to 0·26 for the three dietary survey methods. The highest correlation was observed between vegetable intake estimated from the weighed record and serum b-carotene, and this correlation was similar to what was observed in two other studies (Tucker et al. 1999; van Kappel et al. 2001) . Other authors have presented correlations between 0·31 and 0·45 for fruit and vegetable intake and concentration of b-carotene in blood (Campbell et al. 1994; Resnicow et al. 2000; Block et al. 2001) . No significant correlations were observed between fruit intake and any of the serum carotenoids in the present study, which is in contrast to findings by van Kappel et al. (2001) . They observed correlation coefficients ranging from 0·21 to 0·39 between fruit intake assessed by a FFQ and serum concentration of four carotenoids (a-carotene, b-carotene, lutein and b-cryptoxanthin). Fruit and vegetable intake from all three methods was generally uncorrelated with zeaxanthin and lycopene. The lack of association between vegetable intake and serum lycopene is consistent with several prior observations (Campbell et al. 1994; Martini et al. 1995; Resnicow et al. 2000) and may have multiple possible explanations. First, the most important food source for lycopene in the Norwegian diet is tomato and its products. However, tomato sauce used on pizza was not included in the vegetable intake estimated from the weighed record and the 180-item FFQ in the present study; this might explain the low diet-serum correlation. Second, the intake of tomato in our population is low. The average intake from the weighed record was 9 (SD 10) g from raw tomato and 6 (SD 8) g from tomato products (not including tomato sauce from pizza), and from the 180-item FFQ the intake was 4 (SD 5) g from raw tomato and 6 (SD 5) g from tomato products. No question about tomato intake was included in the twenty-seven item FFQ. Third, there is also some evidence that the bioavailability of lycopene is higher from heated tomato products than raw tomato (Johnson, 1998; van Het Hof et al. 2000) . Thus, consumption of raw tomatoes may not be strongly reflected in serum carotenoid level. Another possible explanation could be a seasonal effect, this would especially have an effect when comparing the 180-item FFQ and serum lycopene because this FFQ reflects the usual intake whereas the measured serum lycopene may be a better measure of intake during autumn and winter. However, a nationwide survey in Norway from 1993-4 did not show variation in intake of tomato between the four seasons (Johansson et al. 1997) .
The validity criterion used in our present study was serum carotenoid level. The serum values are subject to day-to-day fluctuations and individual variations (Tangney et al. 1987; Olmedilla et al. 1994; Cooney et al. 1995; Scott et al. 1996) . Therefore the carotenoid level from a single blood sample may not be a valid measure of the usual intake. This type of error may attenuate the observed correlations between intake and biomarker. Especially, the correlations between intake from the 180-FFQ (aimed to measure the usual intake) and the biomarker could be attenuated by our study design. Moreover, the study design may favour the associations between biomarker and intake from the weighed records since the blood sample was collected close to the record period.
The method of triads
Estimated VC for the dietary assessment methods varied depending on the biomarker included in the calculations. The VC for vegetable intake estimated for the 180-and the twenty-seven item FFQ were relatively high (range from 0·41 to 0·58), except when b-carotene was included in the calculation. VC for the biomarkers were highest for a-carotene as a marker for vegetable intake and as a marker for total intake of fruit and vegetables, whereas the VC for b-carotene, lutein and zeaxanthin were quite low. With two exceptions (vegetable, a-carotene; Table 5 ) the VC for the dietary assessment methods were higher or similar to VC observed for the biomarkers. Although no comparable studies are available, Kabagambe et al. (2000) also found that VC for carotenoid intake estimated from a questionnaire were higher or similar to VC for the plasma carotenoids, which were their biomarkers. Daures et al. (2000) reported the opposite results; VC for b-carotene intake based on a FFQ, dietary records and plasma b-carotene were 0·39, 0·52 and 0·85, respectively.
The estimation of confidence intervals for the VC performed well when the calculations involved a-carotene as the biomarker (Table 5) . Obviously, because VC are not defined for negative correlations, missing values will be relatively frequent in the bootstrapping when the calculations involve low estimated correlation coefficients (i.e. confidence intervals including 0). The empirical percentiles were found from distributions based on only 69 -95 % of the bootstrap samples in Tables A1 and  A2 , and our alternative confidence intervals, with missing estimates set to zero, illustrate the problem.
It is common to set estimated VC and confidence limits .1·00 to 1·00 (Ocke & Kaaks, 1997; Daures et al. 2000; Kabagambe et al. 2000) . VC values .1 indicate a strong relationship only if they are the result of random sampling errors. Violations of underlying model assumptions may also give VC values . 1. The method of triads is based on an assumption that the errors associated with each of the three methods included in the model are independent, and that estimates from the FFQ, weighed records and biomarkers are linearly related to the common true intake. This may not be true, we cannot rule out that there exist correlated errors between the FFQ and the weighed record. Thus the reported VC could have been overestimated and should be regarded as upper limits of the true VC.
Another limitation of the present study may be the relatively small sample size and the homogeneity of the study population, in particular related to age and gender. There may be differences between men and women with regard to estimation of fruit and vegetables, which would require additional studies.
Conclusion
Our data show that the short FFQ gives as valid an estimate for total intake of fruit and vegetables as the long FFQ. Both the estimated partial correlation coefficients and the VC suggest that serum a-carotene is the best biomarker for intake of vegetables alone and total intake of fruit and vegetables compared with any of the other carotenoids investigated in this study. Moreover, serum a-carotene as a biomarker of vegetable intake seems to perform better than the FFQ, whereas serum a-carotene as a biomarker for total fruit and vegetable intake did not perform better than the FFQs. Table A1 . Validity coefficients (VC) with 95 % confidence intervals* for fruit and vegetable intake estimated by the 180-item food frequency questionnaire (FFQ) and the weighed records (WR) and by three biomarkers for fruit and vegetable intake (n 100) T, unknown true dietary intake. * Validity coefficients and confidence limits .1 were set to 1·00. † Confidence interval when missing validity coefficient was set to zero. ‡ Proportion of VC that could not be estimated because one of the three correlations that form the basis for the VC is negative. In this case the VC are set to missing values.
